Abstract: The present study outlines the development and validation of a four-tier diagnostic instrument to explore first-year undergraduate students' understanding of chemical kinetics (FTDICK
■ INTRODUCTION
Prior knowledge, or pre-concepts, of students when they embark on new learning have a significant impact upon their success when undertaking specific studies. The influence of chemistry undergraduate students' prior knowledge on the quality of learning in general chemistry courses has been uncovered by [1] [2] and others. However, typically chemistry classes are conducted without first identifying undergraduates' preconceptions. Some lecturers assume their students have mastered some basic chemistry concepts because they have completed the subject in secondary schools. In fact, students continue to harbor misunderstandings and alternative concepts as reported in earlier studies [3] . This mismatch of educator assumptions regarding students' prior knowledge can cause further confusion in the student learner [5] . In addition, lecturers have a limited time frame in which to identify students' pre-concepts comprehensively.
Another study [6] emphasized the importance of research into university chemistry students' prior knowledge for the above reasons and concluded that such alternative concepts would contribute to ineffective learning in future studies. The research underlines the importance of investigating students' understanding before and after learning new concepts. Therefore knowledge of students' alternative concepts can help educators design their teaching more precisely [7] .
The term 'unscientific idea' refers to an idea held by students which is incorrect/unscientific and not accepted by the scientific community. In chemistry and science education literature, the terms 'misconception and 'alternative conception' [8] have been used to mean an 'unscientific idea,' and these terms are used throughout this paper. The terms 'misconception' and 'alternative conception' are interchangeable.
The Historical Development of Multiple-Tier Instruments
Students' understanding of chemical concepts, especially misunderstandings and alternative concepts, cannot be fully identified by a simple instrument such as a multiple-choice test. Such one-dimensional tools cannot distinguish between a lack of knowledge, an alternative concept or indeed guesswork. A diagnostic instrument is preferred to identify students' understanding and scientific ideas more comprehensively. Other approaches for exposing student understanding have included interviews [9] , concept mapping [10] , open-ended questions as well as multiple-choice test [11] [12] . Each of these methods has limitations. Using concept mapping requires students to be able to master vocabulary in order to express their ideas in a logical manner [13] , while interviews are time-consuming [14] . Open-ended questions can be informative in exposing students' thought processes and procedural applications, but workable sample sizes limit the transferability of the results to whole cohorts. In multiple-choice tests, the validity of the items and test reliability values can be affected by students' testwiseness skills [15] and cannot always uncover the full reasons for students' answers [16] . Guesswork is a major factor which can impact on the results in a single-tier multiple choice test [17] .
Multiple-tier diagnostic tests have become more widely used instruments in science education research recently. Treagust [18] initiated the use of two-tier diagnostic instruments which are the most popular form of multi-tier instruments. The first tier consists of multiple-choice questions with one correct answer and several controlled distractors. The second tier is a reason tier which can be in two different formats. In one format the second tier consists of choices for a reason for the chosen answer in multiple-choice question (MCQ) form. This tier includes one correct scientific reason and several incorrect or unscientific reasons [14, 19] . All options in both tiers are derived from students' actual misconceptions and misunderstandings as determined by preliminary tests, interviews and the literature. The tier displaying the reasons should be constructed from students' ideas and concepts determined through an interview or other means [18] . In the second type of twotier instrument, the reason tier is open-ended. This format has seen less useful as it is more difficult to code the responses; however, it can be extremely revealing as a diagnostic tool on which to base interview questions.
This type of instrument has been used to identify students' understandings in several topics, for example, covalent bonding [11, 20] , chemical equilibrium [21] , and qualitative analysis [19] . However, there are deficiencies in this type of two-tier instrument that have been articulated in the last decade. In some cases, students select the reason for their answer randomly, and such a response does not imply that the student harbors that particular misconception, but rather they are not certain why they have selected their answer in the first tier. A two-tier instrument of this type cannot distinguish between a guessed reason and a real misconception [22] . In addition, a two-tier instrument could only detect a small proportion of students' alternative concepts [23] . Recently, three-tier and fourtier instruments have been used in science education research to overcome the drawbacks of the two-tier instrument. In both types of instrument, the first two tiers are exactly the same as the tiers in the two-tier instrument. However, the three-tier instrument asks students for their mean confidence level in both tiers while the four-tier instrument asks for the confidence level in both tiers separately [4] . Confidence levels are rated on a scale from 1(not at all confident) to 5 or 6 (absolutely confident).
As the confidence level in the three-tier instrument relates to mean confidence in both answer and reason, such an instrument cannot determine whether students are confident about both their answer and their reason or whether they are sure about their answer but unsure about their reason and vice versa. This creates difficulties when grading and categorizing the responses [24] . To overcome this disadvantage of the three-tier instrument, the fourtier instrument has been developed. A confidence level rating is added to students' answers both the multiplechoice questions (the first tier) and the reason tier as proposed by Arslan et al. [24] and Loh et al. [25] . When a level of confidence is attached to both the answer and the reason a greater certainty about understanding and guesswork can be developed. A three-tier instrument has the limitation that the answer tier and reason tier may hold different conceptual problems for a student whereas a four-tier instrument allows them to separately express their confidence in the answer from their confidence in their reason. A student with a good understanding of how to do the problem and why it is correct should display a high confidence level in both tiers. A student with low confidence in their answer but high confidence in their reason may remember the theory correctly but not be able to apply it. Clearly other combinations can be explored which lead to a deeper picture of student understanding of a particular concept.
In our study, we have chosen to develop a four-tier diagnostic instrument in order to explore first-year undergraduate students' understanding in chemical kinetics. Since the four-tier instrument was introduced in 2010, it has not been widely used to date [26] , and studies on first-year undergraduate students in this subject area are timely [27] .
This instrument will provide both theoretical and practical advantages. Theoretically, this instrument will enrich chemistry education literature and will be transferable to related research. Practically, this instrument will help university lecturers in their general and physical chemistry classes as it can be used to identify students' preconceptions and so assist in planning to teach. So far, studies using a four-tier instrument have only been published in physics education [28] , in chemical thermodynamics [26] and transition-metal chemistry [29] and none of these studies have focused on chemical kinetics.
A Four-Tier Instrument in Chemical Kinetics (FTDICK)
Chemical kinetics is a topic that has been of concern to chemical education researchers at the undergraduate level for some time. It has been reported that university students get into difficulty when understanding certain concepts in chemical kinetics even if they have covered the topic in secondary school. For example, students' assumptions that the order of reaction is directly related to the coefficient of a reactant in the chemical equation shows how students are not aware that the order of reaction is determined experimentally [30] . A recent review concluded there is a strong need for a tertiary-level investigation into the teaching and learning of chemical kinetics [27] . The most recent study in this area involved grade 12 students (secondary level) and deployed a three-tier instrument [31] . Chemical kinetics is one of the most important topics in the chemistry curriculum, whether at secondary or university level and is also of relevance to other disciplines such as pharmacy, biochemistry, food science, etc. In many degree programmes, chemical kinetics is taught throughout the course being covered in general or fundamental chemistry in the first year, in physical chemistry in the second year and in chemical kinetics in the third year. The course arrangement can be different from one department to another and can vary internationally. In the UK physical chemistry is generally taught initially in year 1 whereas many US and Asian courses include a preliminary year of general chemistry. Concepts in chemical kinetics play a significant role in explaining the relationships between energy and chemical change, chemical reaction types, and the process of chemical changes [32] .
Part 1 of our study describes the development and validation of an FTDICK by adapting the procedure for a two-tier instrument as defined by Treagust [18] . This procedure involves initial testing and interviewing, paper-and-pencil test and four-tier test development validation. The purpose of the testing step is to identify and collect students' unscientific ideas and alternative concepts in the subject area based on their answers to initial multiple-choice (MC) and open-ended answer tests. Based on the responses several students were selected for follow-up interview sessions in order to confirm and explore the more unusual findings in their responses to the tests. This step is important as it provides experiential material on which to design distractors and unscientific reasons in the FTDICK instrument. In addition, unscientific ideas from the literature and from the authors' experiences in teaching the subject are also used in the instrument design. Once a FTDICK has been produced the next step is to test the content and validity using various statistical procedures and to refine the final instrument before carrying out a pilot study on a student sample.
The main purposes of this study are to develop and validate a four-tier diagnostic instrument in chemical kinetics (FTDICK) in order to contribute to the teaching and understanding of the subject the university level by providing an effective and efficient instrument that can be implemented by chemistry educators. Specifically, the research question addressed in this study is "is the FTDICK a valid and reliable instrument to investigate students' understanding of chemical kinetics?". Once proven to be valid and reliable the instrument will be used with a large international sample of undergraduate students to explore their understanding of the area of chemical kinetics.
■ EXPERIMENTAL SECTION
The development of an FTDICK followed the procedure developed by Treagust from Curtin University with some changes. The development includes several steps: (1) testing and interviewing students to obtain a general overview of concepts that are not generally understood; (2) collecting and categorizing students' unscientific ideas and misconceptions based on initial questionnaire results and interviews in (1); (3) developing a prototype FTDICK based upon the findings from (1) and (2); (4) validating the prototype FTDICK by piloting with sample students; and (5) refining the final FTDICK based on findings from (3).
The main purpose of steps 1 and 2 was to identify the chemical kinetics concepts that will be explored in the study. This involves ensuring students have studied the concept to be investigated and that the concept is relevant to the 1 st year undergraduate curriculum. Based on inspection of various chemistry curricula, including A-Level and GCSE chemistry (in the UK), the secondary school chemistry syllabus in Indonesia and basic chemistry textbooks, several concepts were defined. These include half-life, the dependence of rate on concentration and temperature, the order of reaction, activation energy, collision theory and the rate law or rate equation. The aims of this initial concept identification are to define the scope of content that will be explored and the level of questions that should be provided.
In order to construct the questions, various sources were exploited including textbooks and exam papers. All questions were original and developed by the authors. The prototype questions were then scrutinized by colleagues who are physical chemists responsible for teaching chemical kinetics to final year undergraduate level and a small number of the questions adjusted as a result. In this way 20 MCQ's were written, and an example of one such question is given in Fig. 1 . The item consists of a question with one correct answer (B) and 3 distractors. Following the question, students were asked to give their level of confidence in their chosen answer using a 5 part Likert scale from very unconfident to very confident. Students were then asked to select the appropriate reason for their answer given in the first tier and then assign a level of confidence to the reason, again using a five-part Likert scale. Reason options A, B, and D, are all incorrect and were adopted from students' unscientific ideas as uncovered by the preliminary study.
The example in Fig. 1 uses a pictorial device to represent the concentrations of reacting molecules. Both pictorial questions and more typical numerical representations were used in the MCQ. In some cases, the same question type was displayed in both representations to determine whether either question type led to more informed responses.
Fig 1. Example of an item in the prototype FTDICK instrument

Testing and Interviewing
This step aims to verify the level and breadth of the questions to be included in the instrument. Testing and interview were conducted both in the UK and Indonesia to ensure a wide sample of student backgrounds and experiences. The instruments used in the UK were MCQ and short answer tests. When answering the multiplechoice questions, students were asked to explain how they arrived at their answers. Deployment of the instrument in the UK was to 57 first year chemistry students and 80 first year food science students taking a foundation chemistry course. All had previously carried out some fundamental chemistry that included chemical kinetics. In Indonesia 260 first year chemistry students from the State University of Malang (UM) and Haluoleo University (UHO) responded: The instruments used in Indonesia were revised versions of those used for testing and interviewing in the UK. Several students from each institution were selected for interview sessions to confirm some unexpected responses to the tests.
The instruments (MCQ and short answer tests) used in this step were carried out in English for UoR students and in Indonesian for Indonesian students. This was intended to avoid a language bias, particularly among Indonesian students. However, a separate assessment to determine whether Indonesian students' proficiency in English is sufficient to understand the questions in English adequately was also carried out. The result of this assessment determined the language to be used in the instrument for Indonesian students in the next step (developing the prototype FTDICK).
Defining Students' Unscientific Ideas and Developing the Prototype of an FTDICK
From the testing and interview step, the following misunderstandings were uncovered: a lack of awareness of the concept of successive half-lives; the misconception that equal numbers of reactant molecules in a bimolecular reaction leads to a higher reaction rate, confusion over the effect of concentration changes on reaction rates with different orders of reactants; an increase in concentration of a zero-order reactant will increase the reaction rate; the values of the exponents in a rate law are directly deduced from the stoichiometry of the reaction; the lower the temperature the higher the reaction rate; an increase in temperature increases the activation energy and leading to an increase in reaction rate. Many respondents also had difficulty in interpreting the plot that describes the progress of a reaction. In addition, students conflated theories in chemical kinetics with other topics in physical chemistry, for example, chemical equilibrium, and also demonstrated confusion over some chemical terminology.
Following an analysis of the results from the testing and interview stage, a further instrument was developed. The unscientific ideas and misconceptions were incorporated as incorrect reason options in the FTDICK instrument along with alternative concepts already reported in the literature. In order to construct the questions, various sources were exploited including textbooks and exam papers. All questions were original and developed by the authors. The prototype questions were again scrutinised by physical chemists responsible for teaching chemical kinetics to final year undergraduate level and a small number of the questions adjusted as a result.
The prototype FTDICK was in English because the assessment previously mentioned demonstrated that the Indonesian students' proficiency in English was good enough to allow the study to be carried out in the English language. This is consistent with one of the goals of the Indonesian educational system which is to promote English skills among Indonesian students in order to prepare them for competing in the global market in the future.
Validating the Prototype FTDICK
Validation of the initial instrument involved 271 students from two Indonesian Universities, including 220 students from the State University of Malang and 51 students from Haluoleo University. The instrument used in this step is a prototype FTDICK instrument (Appendix A) as developed in the previous step. It consists of 20 MCQ each with attached reason options. The time allocated for students to carry out the FTDICK test was 1.5 h. Students in their second semester participated in the study. In both Indonesian universities, a basic chemistry module is provided in the first year across two semesters. Basic Chemistry 1 is provided in the first semester and Basic Chemistry 2 in the second semester. All students at both universities who participated in this research had studied the topic of chemical kinetics in the Basic Chemistry 2 module.
Treatment of Data
Each student response for each question and reason was entered into an Excel spreadsheet along with the student's confidence rating for each question and reason. The responses were graded according to the following procedure. A correct answer in the answer tier (A tier) was scored '1' and an incorrect answer was scored '0'. A correct reason in the reason tier (R tier) was scored '1', and an incorrect reason was scored '0'. If both A tier and R tiers were correct, a score of '1' was allocated for both tiers (B tier). If either or both A tier and R tier were incorrect, a score of '0' was allocated to the B tier.
The average value of all students' confidence ratings was calculated for both the answer tier (CR(TA)) and the reason tier (CR(TR)) for each individual response. For example, CR(TA) = B 2.5 means that the average of all students' confidence ratings who selected option B as their answer in the answer (A) tier is 2.5. CR(TR) = C 2.5 means that the average of all students' confidence ratings who selected option C as their reason in the reason (R) tier is 2.5. The average value of the students' average confidence rating in both their answer (CR(TA)) and their reason (CR(TR)) was also calculated and defined as CR(TB), i.e., the average confidence rating for both tiers.
Several terms and parameters were used to determine the level of students' misconceptions based on the students' confidence ratings as adopted from the previously published study [23] . These terms relate to answer or reason or combined answer and reason calculations that were graded as zero (i.e. CR(TA) of wrong answer, CR(TR) of wrong reason, CR(TB) of wrong answer-correct reason, CR(TB) of correct answer-wrong reason, and CR(TB) of wrong answerwrong reason).
The terms used are: a genuine misconception which is a misconception expressed with a confidence rating of 2.75 or higher: this can be ascribed due to knowledge gaps and/or wrong reasoning/unscientific ideas. A spurious misconception is a misconception that is expressed with a confidence rating lower than 2.75: it can be argued that this is due to guessing. Genuine misconceptions are further categorized into moderate misconceptions (those expressed with medium level confidence ratings -between 2.75 and 4.0) and strong misconceptions (those expressed with high confidence ratings of 4.0 and above).
Other variables were also calculated in order to give supportive information in determining the level of students' understanding. The variables are described below. Overall mean confidence (CF) which is calculated based on the total of students' confidence ratings divided by the total number of students. The confidence of students giving the correct answers (CFC) which is calculated based on the average of students' confidence ratings who gave the correct answer. The confidence of students when they gave wrong answers (CFW) which is calculated based on the average of students' confidence ratings who gave the wrong answer; Confidence discrimination quotient (CDQ = CFC-CFW/standard deviation of confidence). The CDQ indicates whether the participants can discriminate between what they know and what they do not know. These parameters are calculated for every tier and every question. This method of handling the results is in line with previous research carried out in psychology [33, 35] and with studies using a similar four-tier instrument in physics and chemistry [26, [28] [29] .
Item Analysis
Before being used for data collection, the instrument was reviewed for clarity of language, and scientific accuracy by staff in the Department of Chemistry and student feedback was secured to ensure the instrument was understandable.
After data collection, the instrument was analyzed in terms of the difficulty level (DL), discriminatory index (DI), distractor effectiveness, validity and reliability ( Table 1 ). The DL refers to the proportion of students who answer the question correctly. This parameter is determined by dividing the number of students who answer correctly by the total number of students. The DI represents the ability of an item to differentiate between students on the basis of how well they understand the concept being tested. This parameter is determined by subtracting the proportion of students who answer the question correctly from the upper group (those with an above average score on the questions) and the proportion of students who answer the question correctly from the lower group (those with a below average score on the questions). Another useful parameter in reviewing the effectiveness of a test item is the distractor effectiveness. All of the incorrect options, or distractors, should be chosen by at least one student for the option to be effective. Validity refers to whether the information obtained from a test represents the actual understanding of students. Reliability is the degree to which a test consistently measures whatever it is designed to measure. Validity and reliability are measured by the SPSS program using product moment correlation and Cronbach alpha [50] respectively.
■ RESULTS AND DISCUSSION
Collecting Students' Unscientific Ideas
A total of 397 first-year chemistry students responded to the initial questionnaire survey, and 21 students (3 UK and 18 Indonesian students) took part in subsequent interviews. The small number of students participating in interviews is due to the following factors. Firstly, students invited to attend follow-up interviews were only those who provided some unclear answers in the initial test. Generally, students' answers to the question were clear and easily interpreted by the authors. Secondly, some invited students declined to participate in an interview. A pattern of unscientific ideas and 
Half-life
It appeared that many students only memorize the definition of half-life without an adequate understanding of its conceptual meaning. Some students fully understand that the concentration of a reactant at the half-life, [A]t½, is half of the concentration at its initial value, [A]t=0. However, many are unclear about whether the relationship that the concentration of [A]t½ = ½[A]t=0 prevails for any reaction order. This finding is strengthened by the small percentage of students who chose the correct answer but failed to provide the scientific reason for their answer. Several students knew that the concentration of a reactant at its half-life is half of its initial concentration, but assumed this is only applicable for a reactant that decays according to firstorder kinetics. Many students struggled to differentiate between the first half-life (t½) and the second half-life (t¼) in a reaction. They understood these half-lives to have the same value and to be independent of reaction order. Such phenomena have not previously been reported in the area of chemical kinetics. Another previously published finding in this topic is that when defining half-life, students often associate it with radioactive decay [34] .
Relationship between concentration and rate of reaction
Many students reasoned that equal numbers of reactant molecules lead to a higher reaction rate because if the number of molecules of starting reagents X and Y is equal the maximum amount of product will be formed. This misconception is also a new finding in chemical kinetics. In addition, many students were not aware that an increase or decrease in the concentration of a zeroorder reactant does not affect the reaction rate. They reasoned that the effect of concentration for both orders (first and zero-orders) on the reaction rate is the same which supports previous results [30] .
Some students believed that the slow step in a reaction mechanism is zero-order. These students also thought that the time needed to complete the reaction was actually the reaction rate. Some students believed that a reactant with a lower concentration will always disappear more quickly than one with a higher concentration. Discussions revealed that they confused their understanding of this topic with that of the limiting reagent. Difficulties and inconsistencies in chemical terminology could be the reason for this apparent lack of knowledge.
A common misconception which was found in this topic is that an increase in the concentration of a zeroorder reactant will increase the reaction rate. This finding is similar to the one uncovered by [36] . A small fraction of students argued that the increase in the concentration of a zero-order reactant would decrease the reaction rate. One student claimed that an increase in concentration of a zero-order reactant does not affect the rate because it obeys the law of conservation of mass. Students have been reported to have difficulty understanding and explaining the nature of zero-order reactions [34] and frequently use the mathematical expression for the integrated rate law without a full understanding of what this implies. Another unscientific understanding uncovered is that an increase in the volume of the reaction increases the rate. This confirmed similar findings published by [37] and [38] . They found that several students believed that the change of various factors disturbing the system at equilibrium (increasing concentration of product, increasing temperature, and decreasing volume of a system) increases the rate of the forward reaction, but decreases the reverse one. In addition, a small proportion of students explained that an increase in the concentration of a first-order reactant would increase the rate more than an increase in concentration of a second-order reactant.
The rate law
The most common misconception found within this topic is that the values of the exponents in the rate law are directly deduced from the stoichiometry of the reaction. This confirms previously published results [30, [39] [40] . In addition, some students struggled to identify the order of a reactant from the rate law provided. Up until now, there has been little published in the literature to explain students' misconceptions regarding the rate law. However, the way in which some popular textbooks introduce the concept of the rate law has provided some interesting results [41] , and this study could be used as a starting point for further exploration of the topic.
Effect of temperature on rate of reaction
A few students claimed that temperature does not affect the reaction rate. This misconception is in line with the previous finding [36, 41] . Surprisingly several students stated that the lower the temperature, the higher the reaction rate. Another misconception found is that an increase in temperature increases the activation energy and this leads to an increase in reaction rate. This misconception is also in keeping with the previous findings [41] [42] . One incomprehensible idea uncovered in this study is that the higher the temperature, the stronger the attractive forces between different molecules.
Collision Theory and Activation Energy
The results showed significant confusion when students used collision theory to describe a reaction on the microscopic scale and also revealed that many students experience difficulty when interpreting diagrams describing the progress of a reaction. Much of the work carried out so far on this topic has concerned students' understanding of the definition of activation energy.
Students were found to have a limited understanding of the concept of collision theory and its effect on reaction rate as evidenced by the vast majority of students who failed to answer questions on this topic. Of those who did answer or were interviewed several unscientific ideas were uncovered. Although most students understood that temperature affects the rate of a reaction they were not aware of the importance of orientation of colliding molecules on the success of a collision and assumed all collisions result in a reaction. Another unscientific idea revealed in this topic is that the collision will be more effective if the colliding particles have a large charge difference. They argued that such a collision would have more impact and therefore lead to an increase in rate. These misunderstandings have not been published so far in the literature. One of the most serious misconceptions is that the lower the temperature, the more effective the collision which leads to a higher rate of reaction. This agrees with the previous finding [43] who found a number of high school students believed that an increase in the initial temperature of the system decreases the reaction rate. They reasoned that collisions between fast-moving particles would be less effective because the particles would be more likely to rebound.
Conflation of theories
Many unscientific ideas revealed can be explained by students' conflating the theory of chemical reaction kinetics with other topics in physical chemistry. Rarely are individual chemical theories unrelated to other areas of chemistry but it is well known that students inappropriately confuse kinetics with equilibria [23, [43] [44] , for example, and thermodynamics with kinetics confusing ideas of thermal stability and kinetic lability [36, 45] .
Some examples of this were found in the results collected, such as the idea that increasing the temperature will increase the rate of an exothermic reaction. One rationale used by students to explain this is that if the reaction is exothermic in the forward direction an increase in temperature will increase the concentration of product molecules. Two points can be drawn from this reasoning. The first is that students are confusing the idea of reaction rates and Le Châtelier's principle as revealed previously [41] . Secondly, the students are actually applying Le Châtelier's principle incorrectly because an increase in temperature favors the endothermic direction. Similar unscientific conflations between both concepts were reported [32, 41] .
A further misconception revealed was that a high concentration of reactant and low concentration of product always results in a higher rate. Students harboring this understanding are likely to have confused chemical kinetics with Le Châtelier's Principle and assumed that altering the equilibrium mixture to produce more products increases the rate.
Finally, a few students considered the reactant with the fewer number of particles or lower concentration as the solute, while that with a higher concentration as the solvent. This possibly derives from a misinterpretation of the pictorial representation of the question where the This point was taken into consideration when constructing the final instrument. The students' explanation to support their answer that "If the concentration of solvent is much higher than the concentration of solute, the reaction rate increases" confirmed students' misconception around this point.
Terminology
Reaction kinetics is a topic that abounds with scientific terms that are frequently confused. For example, the different terms used to describe the rate equation such as rate law, rate expression, the rate of reaction and rate and the lack of precision often encountered in textbooks that use these terms interchangeably. Another area of confusion is reaction order which may be the overall order of the reaction as defined by the sum of the individual orders in the rate equation, or the order concerning a specific reagent.
Our results showed that some students confuse the rate of reaction with a time of reaction by stating that an increase in the concentration of a reactant leads to the time of reaction being longer. This finding is similar to that described previous studies [39, 46] . Another misunderstanding which could be due to the confusion of reaction time and rate is that the longer the reaction takes, the faster the rate.
Item Analysis (The Result of Validation of the Prototype FTDICK)
The majority of the unscientific ideas and alternative concepts described above were incorporated as incorrect answers and reasons in the prototype FTDICK. In addition, unscientific ideas from the literature and the authors' experiences of teaching chemical kinetics were also drawn upon. The instrument was reviewed for clarity of language, and scientific accuracy by staff in the Department of Chemistry and student feedback was secured to ensure that the language of the instrument was clear. Both chemistry staff and students were given a form to assess the instrument. The instrument was assessed in term of 3 descriptors including language, concept level, and difficulty level. Their feedback was considered and used to revise and finally to produce the final prototype of FTDICK. The instrument was presented to 271 first year Indonesian chemistry students, and the results are described below. Several parameters were used to describe the quality of the prototype FTDICK instrument, including the difficulty level (DL), the discriminatory index (DI), distractor effectiveness, validity, and reliability. Table 2 gives the DL and DI for each item of the instrument. The average DL of all questions is 0.33 for the A tier, 0.28 for the R tier and 0.14 for B tier. These values indicate that the test was reasonably difficult and only those students with a good understanding of the problem are able to answer the questions correctly and select the correct reason for their answers. The DL value of the reason tier is lower than that of the answer tier. This supports the previous finding [4] that many students answer the A tier better than the R tier because in answering the A tier, students simply apply their content knowledge, but a good conceptual reasoning is required to answer the R tier correctly. Furthermore, the DL of the B tier is always the lowest of all the tiers. This trend implies that only students with a genuine understanding can answer both A and R tiers correctly.
Discriminatory index (DI)
The discriminatory index (DI) represents the ability of an item to differentiate between students on the basis of how well they understand the concept being tested. The higher the DI value, the better the question is in discriminating between high and low achieving students. The DI values of questions are presented in Table 2 . DI values of the A tier, R tier and B tier ranged from poor to good, none of them was excellent. 40% of the questions, i.e., Q2, Q4, Q5, Q7, Q8, Q12, Q17, and Q18 are categorized as good in each of the A, R and B tiers. This phenomenon indicates that these questions are reasonably able to discriminate between upper and lower ability students.
Meanwhile, the rest of questions have DI grades which differ between tiers. For instance, Q11 has good and fair ratings for the A and B tiers respectively, but a poor category for the R tier. This phenomenon suggests that the reason options for this question need to be considered and should be revised or replaced.
Q20 has negative indices of DI of -0.03 and -0.01 for the A and B tiers respectively. These indices indicate that the question is unsuitable in discriminating between high and low achieving students. The indices strongly suggest that the question should be revised or substituted. When deciding whether a question should be revised or replaced the values of all parameters should be considered. In some circumstances, even a question with a poor DI can be retained because the primary purpose of this instrument is to identify students' understanding instead of differentiating between high low achieving students [47] . The two parameters (DL & DI) confirm that including both the A and R tiers in the instrument is appropriate to identify the students' understanding of chemical kinetics.
Distractor effectiveness
This parameter indicates whether an incorrect answer or reason option is selected in order to highlight those students with a poorer understanding of the concept. The distractor indices for Q1 option A (Table 3) are 26.94 and 25.09 for the A and R tiers respectively. This means that 26.94% of all students selected answer A and 25.09% selected reason A. All of the answers and reasons were selected by some of the students which imply that they are all functional [48] . In total 91.95% of the answer and reason options were selected by more than 5% of students. The values for the individual tiers are 95% of the answers in the A Tier, and 89.36% of the reasons in the R tier were selected by more than 5% of students.
Validity
Validity refers to whether the information obtained from a test represents the actual understanding of the examinees [49] . The validity is shown by the value of the Pearson correlation index (rxy). To determine whether an item or question is categorized as valid or not valid, the value of rxy-calculation of each item is compared with the value of rxy-table. The higher the rxy value, the greater the validity which means that students' answers to the question represent their actual understanding.
As shown by Table 4 , most of the questions are valid. The only invalid question in the A tier is Q20 which is considered to be a difficult question as shown by the low value of the DL of 0.17. This indicates that even high achieving students struggled to answer the question correctly. The question cannot discriminate well between students with a good understanding and students with a poor understanding as confirmed by the value of the DI of -0.03. The DI value implies that the number of students who answered the question correctly from the lower ability group is slightly higher than from the higher ability group which could be ascribed to guesswork.
The validity of tier B Q20 (0.01) is the lowest of all the validity indices. This low validity is also supported by the negative value of the DI that strengthens the suggestion that guessing plays a role here as found previously [26] . The confidence ratings linked to both tiers provide an important means of distinguishing between genuine misunderstandings and guesswork.
Reliability
Reliability is the degree to which a test consistently measures whatever it sets out to measure. Results for reliability of the instrument, as calculated by SPSS, are depicted in Table 5 .
The reliability of both A and R tiers are 0.59 and 0.55 respectively. When both tiers are considered, the reliability is slightly higher at 0.65. This phenomenon is in line with the finding published previously [4] . The reliability of the students' confidence rating is higher in the B tier than in the A or R tiers. It can be argued that students giving correct answers when responding to both the A and R tiers simultaneously implies a good understanding of the concept.
Validity and reliability, in particular, are the most important parameters in determining the quality of an instrument [50] and results here have shown that this prototype FTDICK instrument is valid and reliable and can be used for future purposes. However, the results from the item analysis suggested that several questions should be revised and even replaced (5 parameters). For example, Q3 of the A tier and Q11 of the R tier show low validity with rxy values of 0.13 and 0.15 respectively. These low validities are in agreement with the low values of DI and distractor effectiveness (see Tables 2 and 3 ). Such observations highlighted the questions to be revised or substituted. A further reliability index provided in Table  5 is the reliability of students' general confidence. This index is intended to explore the relationship between students' confidence rating in chemistry as a whole and students' confidence in answering a particular question. This is a novel aspect not generally included in similar four-tier instruments.
The quality of the revised FTDICK to identify students' understanding in the area
The analysis results of 5 parameters (difficulty level, discriminatory index, distractor effectiveness, validity, and reliability) as discussed above confirm that this instrument is transferable and can be used to identify students' understanding for the wider respondents. In the next step the revised instrument was used in a subsequent study carried out with larger sample numbers and over internationally diverse cohorts (Indonesian and UK students). The conclusions highlighted by the present initial investigation will be fully explored in the next report. This will allow us to confirm whether the instrument is transferable across cohorts and to fully identify areas of concern for chemical kinetics educators.
Confidence Ratings
Students' confidence ratings were used to classify whether students' incorrect answers were due to an alternative concept or misunderstanding, lack of knowledge or guesswork. A detailed discussion of students' unscientific ideas in chemical kinetics as investigated by the revised instrument will be presented in the following paper. A summary of students' confidence ratings when providing wrong answers in the A, R and B tiers is presented in Table 6 . The table shows that unscientific ideas are held by many students. From the "popular wrong answer" column, genuine misconceptions can be seen to exist for most of the questions in the A tier except Q5 and Q19 which have spurious misconceptions with values of CR(TA) = 2.45 and 2.67 respectively. A similar trend is seen for the R and B tiers. Students' confidence ratings when giving either an incorrect answer in the A tier or incorrect reason in the R tier, or both an incorrect answer and incorrect reason, are generally lower than the confidence rating for the two tiers combined (CR(TB)). Most CR(TB) % = the percentages of all students who participate in this study; Q = Question; CR = confidence rating; O = option values are higher than 3.0, but in some cases, notably Q4 and Q9, the CR(TB) values are as high as 3.9 and 3.6 respectively which implies a high degree of misunderstanding in the relevant concepts. Table 6 shows how students' misunderstandings, lack of knowledge and guesses are categorized according to the confidence ratings for each tier and each item. In general, the A tier requires students to apply content knowledge while the R tier requires them to use scientific reasoning to justify their answer. Some published studies have stated that the R tier is, therefore, more difficult than the A tier [29] . The DL values as presented in Table 2 support this assertion. Students' confidence ratings in the A and R tiers as depicted in Table 6 confirm the difference between students' confidence levels of the tiers.
■ CONCLUSION
This study has revealed that the prototype FTDICK instrument is valid and reliable. The difficulty of individual items and the discriminatory effectiveness have been identified and the instrument shown to be of a suitable nature to produce meaningful results about students' misconceptions in chemical kinetics. Following the analysis of the instrument, a small number of items were replaced or revised due to their being too hard to produce valid results or because certain distractors were not effective. The FTDICK developed is a relatively new design with confidence ratings attached to both question and answer tiers. Such four-tier instruments have not yet been thoroughly tested, and so the results presented here are timely. The results from this study confirm that including the confidence rating in the A and R tiers of the FDICK instrument provides an effective manner by which to categorize students' misunderstandings. By considering students' confidence ratings, certain incorrect answers could be ascribed due to lack of knowledge or guesswork rather than to misconceptions.
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